The influence of genes of the major histocompatibility complex (MHC) class II and class III loci on typhoid fever susceptibility was investigated. Individuals with blood cultureconfirmed typhoid fever and control subjects from 2 distinct geographic locations in southern Vietnam were genotyped for HLA-DRB1 and HLA-DQB1 alleles, the gene that encodes tumor necrosis factor (TNF)-a (TNFA [Ϫ238] and TNFA [Ϫ308]), the gene that encodes lymphotoxin-a, and alleles of the TNF-a microsatellite. HLA-DRB1*0301/6/8, HLA-DQB1*0201-3, and TNFA*2 (Ϫ308) were associated with susceptibility to typhoid fever, whereas HLA-DRB1*04, HLA-DQB1*0401/2, and TNFA*1 (Ϫ308) were associated with disease resistance. The frequency of all possible haplotypes of the 3 individually associated loci were estimated and were found to be significantly different in typhoid case patients and control subjects ( ,3 2df; ). Haplotypes that were either protective (TNFA*1 [Ϫ308] 2 x p 55.56 P p .006 .DRB1*04) or predisposed individuals to typhoid fever (TNFA*2 [Ϫ308].DRB1*0301) were determined. This report identifies a genetic association in humans between typhoid fever and MHC class II and III genes.
Typhoid fever remains a serious global health concern, although there is wide variation in the incidence rates and severity of typhoid worldwide [1] . Factors that contribute to this variation could include health care standards and sanitary conditions, as well as bacterial and host genetic factors. Little is known about the influence of the human genotype on the outcome of infection with Salmonella enterica serovar Typhi (S. typhi). This is remarkable, in view of the serious nature and high incidence of the disease, and contrasts with the enormous volume of literature on murine susceptibility to salmonella. Katz et al. [2] reported that a complication of typhoid fever, typhoid nephritis, has a familial occurrence, and de Vries et al. [3] showed in a small study that descendants of typhoid epidemic survivors had a genetic association with major histocompatibility complex (MHC) class I alleles. The MHC loci are known to influence the outcome of S. typhimurium infection in the murine model of typhoid [4, 5] . Functional MHC class II molecules, tumor necrosis factor (TNF)-a, interferon (IFN)-g, and CD4
ϩ T cells also contribute to the clearance of Salmonella bacteria from mice [4, 6] . Although the role of MHC genes in typhoid fever in humans is unclear, Bhutta et al. [7] demonstrated that plasma concentrations of TNF-a were significantly increased in 150% of patients with typhoid fever and that this increase correlated to clinical disease severity. The evidence for a role of MHC genes in typhoid infections in the mouse model and in human populations collectively provides justification for a study of these candidate genes in a casecontrol genetic association study.
The genes encoding TNF-a and lymphotoxin (LT)-a (TNFA and LTA, respectively) are located within the MHC class III region on chromosome 6, which lies ∼1 Mb from the MHC class II region containing HLA-DR and HLA-DQ. Polymorphic variants in the genes encoding HLA-DR, HLA-DQ, TNFa, and LT-a have been associated with a variety of human infectious diseases [8] [9] [10] [11] . Genetic linkage or association has been demonstrated between HLA and infections caused by Mycobacterium leprae [8] , M. tuberculosis [12] , and Leishmania species [10, 13] . The polymorphism in the promoter of TNFA at position Ϫ308 bp (TNFA [Ϫ308]) has been associated with lepromatous leprosy [9] and mucocutaneous leishmaniasis [10] .
Typhoid fever is currently endemic in the southern provinces of Vietnam, and the incidence is rising (Ministry of Health, Hanoi). The current annual incidence rate in the Mekong Delta is 198 per 100,000 population, with children !15 years old being the most affected [14] . The emergence of multiple-drug-resistant strains of S. typhi is thought to have contributed to this increase [15] . To determine the influence of host genetics on typhoid fever in a Vietnamese population, patients with blood culture-positive typhoid fever and control subjects were genotyped for MHC class II genes HLA-DR and HLA-DQ. Two polymorphic markers in the promoter region of TNFA at positions Ϫ238 bp and Ϫ308 bp, 1 marker within intron 1 of LTA, and 1 microsatellite marker telomeric of LTA were typed. To confirm the genetic associations observed, the genotyping was performed on samples collected from 2 distinct geographic locations in southern Vietnam.
Materials and Methods
Patients, control subjects, and study design. Two separate sample groups were used. The first sample group was collected in 1996-1997 as part of a larger epidemiology study in Dong Thap [16] , a province in the Mekong Delta, 180 km south of Ho Chi Minh City. Blood was taken from patients with culture-positive typhoid fever admitted to Dong Thap Provincial Hospital (DTTY samples). Patients with typhoid fever who were not living in the district were excluded, as were some potential case patients who left the hospital before the result of the blood culture was known (i.e., !48 h). The Dong Thap community control (DTCC) samples were collected from unrelated, healthy individuals, matched for age and sex, living in the house adjacent to each case patient. The second sample group was collected from Dong Nai Pediatric Center, 40 km north of Ho Chi Minh City. Samples from blood culture-confirmed typhoid fever case patients (DNTY samples) were collected in 1995-1996 as part of a larger treatment trial [17] . Dong Nai control (DNC) samples were collected from unrelated patients undergoing minor surgery in 1994-1996. All samples came from individuals who were of Vietnamese Kinh ethnicity. Informed consent was obtained from the case patients and control subjects admitted into the study.
Sample collection and DNA extraction. Blood (2 mL) was collected in either EDTA (DT samples) or heparin (DN samples) anticoagulants, the plasma was removed, and the blood cell pellet was stored at Ϫ20ЊC. DNA was extracted from the cell pellet by using the Nucleon BACC1 DNA extraction kit (Nucleon Biosciences), and DNA concentration was measured by optical density.
When DNA extracted from heparin containing blood samples was used, 1 M betaine (Sigma) was included in the polymerase chain reaction (PCR).
HLA-DR and -DQ genotyping by PCR sequence-specific primers (SSP). HLA-DR and HLA-DQ genotyping was performed by using a PCR-SSP. The primer sequences used for typing were originally reported by Olerup and Zetterquist [18] for HLA-DRB1 and by Olerup et al. [19] for DQB1. Twenty-three and 12 separate PCR reactions were performed to genotype DRB1 and DQB1 alleles, respectively. Each PCR contained internal control primers specific for a conserved sequence in the human growth hormone gene for 50 s, and 72ЊC for 30 s, and PCR amplification was carried out by using a DNA engine (MJ Research). Specific PCR products were separated on a 1% agarose gel containing 1 mg/mL ethidium bromide and were detected by ultraviolet illumination. The frequency of HLA-DRB1 and HLA-DQB1 antigens was determined by the formula , where n equals the number of individuals that n/N are positive for a particular HLA antigen (either heterozygotes or homozygotes) and N equals the number of individuals tested.
TNFA and LTA single-nucleotide polymorphism (SNP) genotyping. The 3 polymorphic sites located upstream of TNFA (Ϫ308 and Ϫ238) and within intron 1 of LTA were genotyped by PCR restriction fragment length polymorphism analysis. The following primer pairs were used to PCR amplify TNFA (Ϫ308), TNFA (Ϫ238), and LTA: TNFA (Ϫ308), 5 -AGG CAA TAG GTT TTG AGG GCG AT-3 and 5 -TCC TCC CTG CTC CGA TTC CG-3 ; TNFA (Ϫ238), 5 -ATC GCG GGG GCG GGG ATT TGG A-3 and 5 -CCC AGA AGA CCC CCC TCG GAA CC-3 ; and LTA, 5 -CCG TGC TTC GTG CTT TGG ACT A-3 and 5 -AGA GCT GGT GGG GAC ATG TCT G-3 . Approximately 100 ng of DNA was added to a 12.5-mL PCR containing 30 ng of each primer, 0.25 mM of each dNTP, 1.5 mM of MgCl 2 , and 0.15 units of biotaq polymerase (Bioline). PCR cycling conditions were as follows: for TNFA (Ϫ308), 94ЊC for 3 min, 30 cycles of 94ЊC for 1 min, 60ЊC for 1 min, and 72ЊC for 1 min, and 72ЊC for 5 min once; for TNFA (Ϫ238), 95ЊC for 5 min and 35 cycles of 94ЊC for 1 min, 65ЊC for 1 min, and 72ЊC for 1 min; for LTA, 95ЊC for 5 min once, 30 cycles of 94ЊC for 1 min, 62ЊC for 1 min, 72ЊC for 1 min, and 72ЊC for 5 min once. The undigested TNFA (Ϫ308) PCR product was 107 bp (allele 2, nucleotide A), and, after digestion with 10 units of NcoI, fragments of 87 bp and 20 bp were generated (allele 1, nucleotide G). The undigested TNFA (Ϫ238) PCR product was 103 bp (allele 2, nucleotide A), and, after digestion with 2 units of BsaWI, fragments of 80 bp and 23 bp were generated (allele 1, nucleotide G). The undigested LTA PCR product amplified was 740 bp (allele 1, nucleotide A), and, after digestion with 2 units of NcoI, fragments of 555 bp and 185 bp were generated (allele 2, nucleotide G). DNA fragments were separated on either a 4% (TNFA) or a 1.2% (LTA) agarose gel. Allelic frequencies of TNFA and LTA polymorphisms were determined by the formula , n/2N ) and control subjects ( ) were compared by the like-N p 113 N p 77 lihood ratio test. B, Maximum likelihood frequencies of the possible haplotypes of 2, 3, or 6 loci across the MHC class II and class III regions were estimated by using the expectation-maximization algorithm. Below the tests for the individual markers are bars that represent the various 2, 3, or 6 loci haplotypes tested. The overall frequencies of these estimated haplotypes were compared among typhoid case patients (
) and control subjects ( ).
where n equals the number of times a particular allele is represented and N equals the number of individuals tested (i.e., 2N equals the total number of chromosomes). TNFa microsatellite genotyping. The TNFa [20] microsatellite was PCR amplified, and the products generated were sized by using an Applied Biosystems 377 automated sequencer. Approximately 40 ng of DNA was added to a 5-mL PCR containing 45 ng of unlabeled primer (5 -CCT CTC TCC CCT GCA ACA CAC A-3 ) and 1.25 ng of HEX (2 7 -dimethoxy-4 ,5 -dichloro-carboxyfluorescein compound)-labeled primer (5 -GCC TCT AGA TTT CAT CCA GCC ACA G-3 ), 0.25 mM of each dNTP, 1.5 mM of MgCl 2 , and 0.05 units of AmpliTaq Gold polymerase (PE Biosystems). PCR cycling conditions were 95ЊC for 12 min, 35 cycles of 94ЊC for 1 min, 60ЊC for 1 min, and 72ЊC for 1 min, and 72ЊC for 5 min once. The PCR products generated were diluted 1:7, and 3 mL of diluted PCR product was mixed with 1 mL loading dye, 0.5 mL ROX-350 Genescan fluorescent-labeled size standard (PE Biosystems), and 3 mL of deionized formamide (Ameresco). The samples were electrophoresed on a 6% acrylamide gel (Gene-page Plus, Amresco) by using an Applied Biosytems 377 automated sequencer. Raw data were analyzed by using Genescan 3.1 (ABI Prism, PE Biosystems), and Genotyper 2.0 (ABI Prism, PE Biosystems) was used to assign alleles to sized PCR products.
Statistical analysis. Overall allele frequencies for each polymorphic loci tested were compared by use of the likelihood-ratio test. The likelihood-ratio test was also used for testing haplotype associations with maximum-likelihood estimates for haplotype frequencies obtained by the expectation-maximization (E-M) algorithm. Pearson's x 2 test was used to test association between (1) disease phenotypes (typhoid case patients or community control subjects) and antigen frequency ( contingency tables) in the 2 ϫ 2 case of HLA-DRB1 and HLA-DQB1 and (2) disease phenotypes and allele or genotype frequencies in the case of TNFA and LTA. Fisher's exact test was used when an expected value in the contingency table was !5. The odds ratio (OR) and 95% confidence interval were used to assess the risk of disease associated with a specific allele or genotype. P values !.05 were considered to be significant.
To test association of a locus, allowing for linkage disequilibrium with another "conditioning" locus, the haplotype method [21] was adapted to test multiallelic loci. The data were stratified according to the alleles of the conditioning locus, with allele frequencies for the test locus estimated within each stratum by the E-M algorithm. The total likelihood was obtained by summing the likelihoods of all strata, and the likelihood-ratio test was used to test the null hypothesis that allele frequencies within each stratum are the same in case patients and control subjects.
Results
Genotyping of polymorphic loci in the MHC. Initially, DNA prepared from typhoid case and control samples from Dong Thap province were genotyped. Allele frequencies were estimated for each locus or marker, and these frequencies were compared in typhoid patients and control subjects by use of the x 2 test. There was a significant difference in the overall likelihood frequencies of HLA-DRB1 alleles when typhoid pa- x p 11.57 P p .0007 x p 6.61 P p .01 spectively; figure 1A) .
HLA-DRB1 typing of samples from Dong Thap and Dong Nai provinces. A 2-tiered strategy was employed to identify more specifically the HLA alleles that were associated with typhoid fever. The sample set from Dong Thap province initially was HLA typed to identify which HLA-DRB1 alleles were involved. To test the hypothesis that alleles identified in the first sample set were associated with typhoid, a second group of unrelated samples from Dong Nai province were also HLA typed. None of the observed frequencies of the HLA-DRB1 alleles was shown to be significantly different in typhoid patients and control subjects from Dong Thap province when the P values obtained were corrected for the number of alleles that were tested. Therefore, we chose potentially associated HLA-DRB1 alleles from the first sample set, on the basis of the uncorrected P values. The frequencies of the HLA-DRB1 antigens in the samples from Dong Thap province are shown in table 1. The frequency of HLA-DRB1*0301/6/8 was higher in DTTY samples, compared with DTCC samples (OR, 4.461; ), whereas the frequencies P p .012 of HLA-DRB1*04 and HLA-DRB1*1001 were lower in DTTY samples, compared with DTCC samples (OR, 0.310; P p .020 and OR, 0.361; , respectively; table 1). To test the hy-P p .012 pothesis that HLA-DRB1*0301/6/8, HLA-DRB1*04, and HLA-DRB1*1001 are associated with typhoid fever susceptibility and resistance, only these alleles were typed in the second sample set from Dong Nai province. Table 2 shows the frequencies of HLA-DRB1*0301/6/8, *04 and *1001 antigens in individuals from Dong Nai province. Similar to the samples from Dong Thap province, the frequency of HLA-DRB1*0301/6/8 was higher in the typhoid group (DNTY), compared with the control group (DNC; OR, 2.222; ), whereas the frequencies of HLA-P p .013 DRB1*04 were lower (OR, 0.297;
; table 2). The fre-P p .018 quency of HLA-DRB1*1001 was not different in the 2 groups (OR, 0.492;
). P p .095 HLA-DQB1 typing of samples from Dong Thap province. As HLA-DRB1 and HLA-DQB1 are in strong linkage disequilibrium, we were interested to identify which alleles of HLA-DQB1 are associated with typhoid. The frequencies of the HLA-DQB1 antigens in the samples from Dong Thap province are shown in table 3. The frequency of HLA-DQB1*0201-3 was higher in DTTY samples, compared with DTCC samples (OR, 2.518; ), whereas the frequency of HLA-DQB1 P p .023 *0401/2 was lower in DTTY samples, compared with DTCC samples (OR, 0.107; ; table 3). As above, the P values P p .019 presented here have not been corrected for multiple comparisons, and the corrected P values are not significant; however, HLA-DQB1*0201-3 and *0401/2 have been reported elsewhere to be in strong linkage disequilibrium with HLA-DRB1*0301/ 6/8 and *04.
Genotyping TNFA and LTA SNPs in samples from Dong Thap and Dong Nai provinces. The sample set from Dong Thap province was initially typed to identify which TNFA and LTA alleles were associated with typhoid fever. The second sample set from Dong Nai province was subsequently typed for TNFA and LTA alleles to confirm any initial associations. Three SNP markers in the MHC class III region were analyzed-TNFA (Ϫ238), TNFA (Ϫ308), and LTA (intron 1; table 4). In the first sample set from Dong Thap province, no allelic or genotypic association was identified between the TNFA (Ϫ238) marker and typhoid. The allelic frequency of TNFA*2 (Ϫ308) (allele 2 of TNFA [Ϫ308]) was increased in DTTY samples, compared with DTCC samples (OR, 4.908;
; table 4). The geno-P p .0015 typic frequency of individuals heterozygous for TNFA*2 (Ϫ308) was also increased in typhoid patients, compared with control subjects (OR, 5.506;
). No individuals ho-P p .0009 mozygous for TNFA*2 (Ϫ308) were identified in the DTTY and DTCC samples (table 4). The frequency of LTA*2 (allele 2 of the intronic LTA polymorphism) was increased in DTTY samples, compared with DTCC samples (OR, 1.721;
). P p .01 To confirm a genetic association between typhoid and genes of the MHC class III region, the 3 SNP markers were typed in the second sample set from Dong Nai province (table 5) . No allelic or genotypic associations were identified between TNFA (Ϫ238) or LTA and typhoid. The allelic frequency of TNFA*2 (Ϫ308) was increased in DNTY samples, compared with DNC samples (OR, 1.938; ), which confirms an association P p .016 of this TNFA allele with typhoid.
HLA-DR, HLA-DQ, and TNFA haplotypes. Next, we determined whether the associations identified above are because of the markers being part of the 1 extended haplotype. Maximum-likelihood frequencies of the possible haplotypes of 2, 3, or 6 loci across MHC class II and III were estimated by using the E-M algorithm. Haplotypes consisting of the 3 individually associated loci, HLA-DRB1, HLA-DQB1, and TNFA (Ϫ308), were found to be significantly different in DTTY samples and DTCC samples ( , 32 df; ; figure 1B ). There 2 x p 55.56 P p .006 was also a significant difference in the distribution of the 6-locus haplotypes between typhoid patients and control subjects ( , 108 df; ), which suggests that this region 2 x p 143.66 P p .012 is associated with typhoid fever. The distribution of 2-locus haplotypes containing either HLA-DQB1-HLA-DRB1, HLA-DRB1-TNFA (Ϫ308), or TNFA (Ϫ308)-TNFa alleles were significantly different in DTTY samples and DTCC samples. Twoor 3-loci haplotypes, which contained both HLA-DQB1 and HLA-DRB1 alleles, were more strongly associated with typhoid than were haplotypes that did not contain both of these loci ( figure 1B) .
To determine the major disease loci in this region, the overall association of each loci (HLA-DQB1, HLA-DRB1, and TNFA) was tested when taking linkage disequilibrium between the loci into account. Each locus was tested, allowing for linkage disequilibrium with each of the other 2 loci; thus, 6 tests were performed. In addition, the HLA-DQB1-HLA-DRB1 haplotype was tested, allowing for linkage disequilibrium with TNFA, and vice versa. Of these tests, the only significant associations were for HLA-DQB1 conditioning on HLA-DRB1 ( , 12 df; 2 x p 23.845 P p ) and HLA-DRB1 conditioning on HLA-DQB1 ( 2 .021
x p , 14 df;
). The HLA-DQB1-HLA-DRB1 hap-30.224 P p .007 lotype was marginally significant when conditioned on TNFA ( ,3 1df; ). The power of this test reduces, 2 x p 44.813 P p .052 however, as the linkage disequilibrium increases, so the nonsignificant associations should not be taken as evidence that the loci do not have separate associations, particularly because the unconditioned associations for the individual loci were not extremely strong. Instead, we interpret these results as suggesting a disease locus in the class II region, without excluding the TNFA region as a candidate.
Stratification analysis of the individually associated loci (HLA-DRB1 and TNFA [Ϫ308]) was performed on the Dong Thap sample set (table 6 ). There were significant associations between the combined presence of the HLA-DRB1 and TNFA (Ϫ308) alleles and typhoid. Individuals with both TNFA*1 (Ϫ308) and DRB1*04 alleles were less susceptible to typhoid fever (OR, 0.084; ), whereas individuals with both TNFA*2 P p .0003 (Ϫ308) and DRB1*0301 alleles were more susceptible to typhoid fever (OR, 6.416;
). In summary, TNFA*1 P p .0066 (Ϫ308).DRB1*04 represents a protective haplotype, whereas TNFA*2 (Ϫ308).DRB1*0301 represents a susceptibility haplotype.
Discussion
Here we report a significant genetic association between typhoid fever and genes of the class II and III MHC on human chromosome 6. Alleles of HLA-DR, HLA-DQ, and TNFA were associated with either resistance or susceptibility to typhoid fever in individuals from southern Vietnam. The Vietnamese population consists of mainly Vietnamese Kinh (85%), with the remaining 15% composed of 60 ethnic minorities. Vietnamese Kinh are among the most homogeneous population in East Asia when typed for HLA class II, which makes them an ideal population for case-control genetic association studies [22] . The DRB1 and DQB1 alleles that Vu-Trieu et al. [22] reported as the most predominant in the Vietnamese (DRB1*1202, DRB1*0901, DQB1* 0301, DQB1*03032, and DQB1*0501) were also observed in high frequency in this study. In addition, 2 haplotypes, HLA-DRB1*12-DQB1*0301 and HLA-DRB1*0901-DQB1*03032, were present in a considerable percentage of the population in both studies [22] . The MHC class II alleles HLA-DRB1*0301/6/8 and HLA-DRB1*04 have been associated with a range of diseases. Immunopathological diseases, such as insulin-dependent diabetes mellitus (IDDM), systemic lupus erythematosus (SLE), and myasthenia gravis (MG), have been associated with HLA-DRB1*03, and IDDM and rheumatoid arthritis have been associated with HLA-DRB1*04 [23] [24] [25] . Tuberculosis, tuberculoid leprosy, and filariasis are associated with HLA-DRB1*03 [26] [27] [28] .
Here, typhoid fever was also found to be associated with TNFA*2 (Ϫ308). TNFA maps 250 kb centromeric of HLA-B and 350 kb telomeric of the MHC class III genes on chromosome 6. Twenty-seven polymorphisms have been described in and around TNFA and the neighboring gene LTA (Cytokine Gene Polymorphisms in Human Disease Website [http://www .pam.bris.ac.uk/services/GAI/cytokine4.htm]). The polymorphisms most extensively investigated are TNFA (Ϫ308) and TNFA (Ϫ238) [29, 30] . Disease associations with TNFA*2 (Ϫ308) include cerebral malaria [11] , severe and complicated malaria [31] , mucocutaneous leishmaniasis [10] , lepromatous leprosy [9] , and scarring trachoma [32] . The functional significance of the TNFA (Ϫ308) promoter polymorphism remains unclear [33, 34] . The observation of elevated circulating levels of TNF-a in patients with typhoid fever [7] , together with the genetic associations observed here between HLA class II or III genes and disease phenotype, may suggest a functional basis for these associations. This functional basis is likely to result from linkage disequilibrium within regulatory elements influencing transcription of TNFA; however, further studies are required to prove this. To investigate the relationship between TNFA and typhoid fever in the future, we intend to genotype a separate sample set of patients with typhoid fever whose TNF-a levels in stimulated blood have been previously determined.
No distinction was made between mild and severe typhoid, although a range of complications of typhoid, including gastrointestinal bleeding, cholecystitis, liver abscess, and intestinal perforations, were observed in the study groups. We grouped all individuals with a complication and compared this group against patients with uncomplicated typhoid fever. There was no difference in allele frequencies of HLA-DRB1, HLA-DQB1, or TNFA (Ϫ308) (data not shown). This is not surprising, be-cause these complications are clinically heterogeneous, and, therefore, immune mechanisms necessary for resistance may be quite different. It would be interesting to investigate genetic associations to each complication of typhoid separately. In this study, however, the number of individuals presenting each complication was too low.
Because of the complexity of the MHC region and the strong linkage disequilibrium between loci, it can be difficult to unequivocally identify which particular allele(s) contributes to disease pathogenesis. Alleles of HLA-DRB1, -DQA1, and -DQB1 are in extremely strong linkage disequilibrium and, as such, behave almost as a single evolutionary unit. Largely because of linkage disequilibrium, some of the strongest disease associations have been identified with combinations of alleles from a number of loci across the MHC. One haplotype, known as the 8.1 ancestral haplotype (HLA-A1, HLA-C7, HLA-B8, HLA-DR3, and HLA-DQ2), was associated with IDDM, SLE, MG, and other immunopathological disorders, and a similar haplotype (A1, Cw7, B8, and DR3) was associated with the rate of clinical progression to AIDS [23, 35] . Polymorphisms of TNFA (Ϫ308) have also been associated with extended haplotypes [29] .
Previously, a haplotype containing HLA-A1, HLA-B8, and HLA-DR3 was found to be strongly associated with TNFA*2 (Ϫ308), and HLA-DR4 and HLA-DR6 were significantly associated with TNFA*1 (Ϫ308) [29] . Here we estimated the frequency of the possible haplotypes of HLA-DR, HLA-DQ, and TNFA (Ϫ308) alleles and found a significant difference in the distribution of haplotypes in typhoid patients and control subjects ( ; ). We were unable to identify which 2 x p 55.56 P p .006 was the primarily associated locus, with association at other loci due only to linkage disequilibrium, probably because of the reduced power of the haplotype method when linkage disequilibrium is very strong; however, the separate associations of HLA-DQB1 and HLA-DRB1, the associations of haplotypes containing HLA-DQB1 and HLA-DRB1, and the weak association of the HLA-DQB1-HLA-DRB1 haplotype allowing for linkage disequilibrium with TNFA suggest that a disease locus may lie close to the class II region. In addition, the observation that TNFA (Ϫ308) is significantly associated with typhoid and that the haplotype which contains TNFA (Ϫ308) and TNFa remains significantly associated suggests that we cannot rule out TNFA (Ϫ308) as a disease locus. In summary, both HLA-DRB1 and TNFA (Ϫ308) contribute to typhoid fever susceptibility. We were able to identify haplotypes that were either protective (TNFA*1 [Ϫ308].DRB1*04) or predisposed (TNFA*2 [Ϫ308].DRB1*0301) individuals to typhoid fever in Vietnam.
Here we report a significant genetic association between typhoid fever and genes of the class II and class III MHC in 2 unrelated sample sets from geographically distinct locations in southern Vietnam. We did not pinpoint the primary diseasecausing loci within the MHC but have implicated the region between MHC class II and class III. The potential influence of HLA-DRB1, HLA-DQB1, and TNFA, however, was not excluded. Further candidate genes may be located in this region, which is rich in immune response genes such as those encoding MHC class II-associated molecules (i.e., HLA-DRA and HLA-DQA), the transporters associated with antigen processing, heat-shock proteins, and the alternative and classical complement pathways [36] . These studies will serve as a guide to future functional work on the mechanisms of antigen processing and presentation during S. typhi infection in both susceptible and resistant individuals. Work on antigen presentation will also be assisted by the availability of the genome sequence of this pathogen.
